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ABSTRACT 

Hydrocarbon Research, Inc.  (HRI) i s  deve lop ing  a C a t a l y t i c  Two-Stage L i q u e f a c t i o n  
(CTSL) Process which conver t s  coal t o  d i s t i l l a t e  l i q u i d  products.  A p a r t i c u l a r l y  
a t t r a c t i v e  f e a t u r e  o f  t he  process t h a t  has been demonstrated r e c e n t l y  us ing  two 
b i tuminous  coal feedstocks ( I l l i n o i s  No. 6 and Ohio No. 5/6 c o a l s )  i s  t h e  
c a p a b i l i t y  t o  achieve e x t i n c t i o n  convers ion  o f  heavy o i l  p roduc ts  (heavy vacuum 
d i s t i l l a t e  and s o l u b l e  residuum o i l )  th rough i n t e g r a t i o n  of coal  c lean ing ,  p roduc t  
s o l i d s  separa t ion ,  and s e l e c t i v e  recyc le .  Y ie lds  o f  d i s t i l l a t e  o i l s  o f  up t o  f i v e  
b a r r e l s  pe r  M.A.F. t o n  o f  coal have been achieved. E l i m i n a t i o n  o f  heavy o i l s  o f  
b o i l i n g  p o i n t s  above 700-750°F g r e a t l y  s i m p l i f i e s  downstream p rocess ing  
requirements.  Several  process c o n f i g u r a t i o n  op t ions  and the  r e s u l t i n g  y i e l d  
d i s t r i b u t i o n s  a re  discussed. 

INTRODUCTION 

Hydrocarbon Research, Inc . ' s  (HRI) C a t a l y t i c  Two-Stage L i q u e f a c t i o n  (CTSL) Process 
fea tu res  two close-coupled c a t a l y t i c  ebu l la ted-bed r e a c t o r  stages i n  se r ies ,  w i t h  
t h e  f i r s t  stage a t  a lower  temperature t h a n  the  second stage, so as t o  o p t i m i z e  t h e  
hydrogenation/conversion f unc t i ons  o f  t h e  two stages. The process has been under 
development, sponsored by the  U. S. Department o f  Energy (DOE), s i n c e  1982. Th is  
paper summarizes the  s t a t u s  of the  program and d iscusses  the  r e s u l t s  o f  t he  most 
recen t  opera t ions  i n  HRI 's con t inuous ly  operated bench-scale u n i t  which 
demonstrated extended opera t i ons  w i t h  v i r t u a l l y  complete e l i m i n a t i o n  o f  res idua l  
o i l  and/or heavy v c um gas o i l s  f rom the  ne t  p roduc ts  o f  t he  opera t ion .  Upgrading 

p o i n t s  and emphasized t h e  need t o  e l i m i n a t e  the  heavy vacuum gas o i l  products.  
Recent ly  completed economic s tud  by HRI have shown a product cos t  b e n e f i t  f o r  
t h e  e x t i n c t i o n  mode of operat ion. i5S Such modes o f  ope ra t i on  were demonstrated f o r  
I l l i n o i s  No. 6 and Ohio No. 5/6 b i tuminous  coals. 

\ s t u d i e s  by ChevronTlY have c o r r e l a t e d  upgrading c o s t s  d i r e c t l y  w i t h  p roduc t  o i l  end 
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PROCESS DESCRIPTION 

The key f e a t u r e  which d i s t i n g u i s h e s  t h e  CTSL Process frwo o t h e r  s i n g l e -  o r  two- 
s tage l i q u e f a c t i o n  processes i s  t he  use of a r e l a t i v e l y  low tempera ture  (<BOO"F) i n  
t h e  f i r s t - s t a g e  r e a c t o r  which conta ins  an e f f e c t i v e  hydrogenat ion  c a t a l y s t .  I n  
t h i s  stage, coa l  i s  l a r g e l y  converted a t  a c o n t r o l l e d  r a t e  by  d i s s o l u t i o n  i n  t h e  
r e c y c l e  so l ven t ,  a1 l o w i n g  c a t a l y t i c  hydrogenat ion  reac t i ons ,  necessary t o  m a i n t a i n  
s o l v e n t  hyd rogen- t rans fe r  c a p a b i l i t y  and s t a b i l i z e  t h e  l i q u e f a c t i o n  products,  t o  
keep pace w i t h  the  r a t e  o f  coa l  conversion. The second stage operates a t  more 
seve re  cond i t i ons ,  b u t  no t  as severe as requ i red  i n  a s ing le -s tage  mode such as i n  
t h e  H-Coal@ Process, and i t  completes the  j o b  o f  coal  convers ion  w i t h  the  add i -  
t i o n a l  convers ion  o f  h i g h  b o i l i n g  pr imary  l i q u e f a c t i o n  produc ts  t o  h igh  q u a l i t y  
d i s t i l l a t e s .  Overa l l ,  t h e  CTSL Process ob ta ins  h ighe r  y i e l d s  o f  b e t t e r  q u a l i t y  
d i s t i l  l a t e  p roduc ts  t h a n  ob ta ined i n  competing techno log ies .  

BENCH UNIT DESCRIPTION 

Process development s t u d i e s  have been conducted i n  HRI ' s  con t i nuous ly  o p e r a t i n g  
two-stage Bench U n i t ,  schemat i ca l l y  shown i n  F i g u r e  1. The opera t i on  i s  sus ta ined  
w i t h  the ne t  feed o f  o n l y  coal  and hydrogen, wi th recyc led  so l ven t  recovered from 
t h e  contemporary g ross  produc ts  l eav ing  the  r e a c t i o n  system, by t h e  d i s t i l l a t i o n  
and f i l t r a t i o n  means i n d i c a t e d  i n  F igu re  1. The immediate recovery and r e c y c l e  o f  
s o l v e n t  i s  a t r u e  p r o t o t y p e  of f u l l  sca le  ope ra t i ons  and f a c i l i t a t e s  the  
i n t e r p r e t a t i o n  o f  t he  opera t i ng  resu l t s ,  by  avo id ing  t h e  problems o f  ba tch  and 
once-through exper imenta l  modes. There i s  an o n - l i n e  sampl ing system f o r  t h e  
s l u r r y  l e a v i n g  the  f i r s t  stage, so t h a t  t he  e f f e c t i v e n e s s  o f  each o f  t he  two s tages  
can be assessed. 

An impor tan t  f a c t o r  i n  process performance i s  t he  na tu re  o f  t he  so l ven t  t h a t  i s  
recyc led .  F i g u r e  1 i n c l u d e s  a schematic summary o f  t h e  modes o f  a d j u s t i n g  s o l v e n t  
composi t ion.  F i r s t ,  s l u r r y  product fran the  r e a c t i o n  system i s  d i s t i l l e d  a t  
atmospher ic p ressu re  t o  e l i m i n a t e  f rom t h e  so l ven t  poo l  m idd le  d i s t i l l a t e  o i l s  f o r  
which the re  i s  l i t t l e  i n c e n t i v e  t o  submit  t o  f u r t h e r  p rocess ing  by r e c y c l i n g  t o  t h e  
l i q u e f a c t i o n  reac tors .  The atmospher ic bottoms s l u r r y  can be recyc led  d i r e c t l y  o r  
f u r t h e r  mod i f i ed  f o r  recyc le ,  e i t h e r  by a s o l i d s  removal method, here  pressure  
f i l t r a t i o n  a l though a l t e r n a t i v e  m t h o d s  a re  f e a s i b l e ,  o r  by vacuum d i s t i l  l a t i o n  
wh ich  prov ides  heavy vacuum d i s t i l l a t e  fo r  i n c o r p o r a t i o n  i n  the  recyc le  s o l v e n t  
poo l .  I n  t h e  bottoms e x t i n c t i o n  demonst ra t ion  opera t i on  summarized i n  t h i s  
r e p o r t ,  the  a tmospher ic  s t i l l  was operated w i t h  a s t r i p p i n g  gas t o  g ive  a midd le  
d i s t i l l a t e  endpo in t  (a tmospher ic  s t i l l  overhead going t o  product p o o l )  and s o l v e n t  
poo l  IBP such t h a t  t h e  so l ven t  pool  was v i r t u a l l y  c m p l e t e l y  e l im ina ted  by 
undergoing f u r t h e r  secondary reac t i ons  i n  the  l i q u e f a c t i o n  reac tors .  

Bench u n i t  sca le  o f  ope ra t i ons  du r ing  the  development program has been approx i -  
ma te l y  50 pounds p e r  day. Scale up o f  t he  r e s u l t s  from r e a c t o r  systems o f  t h i s  
s i z e  t o  p l a n t  sca le  has proven s a t i s f a c t o r y  f o r  t h e  H-Oi l@ and H-Coal@ Processes, 
which employ t h e  ebu l la ted-bed r e a c t o r  system used i n  the  CTSL Process. The bench 
u n i t  opera t ions  use a s i n g l e  charge o f  c a t a l y s t  which i s  used i n  an extended 
opera t i on ,  up t o  t h i r t y  days i n  some cases, w i t h o u t  augmentation. Th is  i s  i n  
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c o n t r a s t  with a n t i c i p a t e d  a p p l i c a t i o n  t o  p l a n t  sca le  where, because o f  t h e  
convenience o f  t he  ebu l la ted-bed system, a p o r t i o n  o f  the  c a t a l y s t  i s  t o  be 
rep laced  on a d a i l y  bas is ,  so as t o  ma in ta in  a cons tan t  c a t a l y t i c  performance, 
w h i l e  ho ld ing  the  reac to rs  a t  a f i x e d  temperature.  Again, the  i n t e r p r e t a t i o n  o f  
t h e  bench sca le  r e s u l t s  i n  p r o j e c t i o n  o f  t he  amount o f  c a t a l y s t  replacement 
r e q u i r e d  on a p l a n t  sca le  has proven t o  be s a t i s f a c t o r y .  The c a t a l y s t  used i n  t h e  
o p e r a t i o n  descr ibed i n  t h i s  repo r t  i s  a commerc ia l l y  a v a i l a b l e  hydro- 
d e s u l f u r i z a t i o n  c a t a l y s t ,  one o f  severa l  which have performed e q u a l l y  we l l .  

DEMONSTRATION RUN PARAMETERS 

The bottoms e x t i n c t i o n  opera t ions  showed t h a t  a sus ta ined opera t i on  cou ld  ma in ta in  
a product d i s t r i b u t i o n  e l i m i n a t i n g  the  h ighes t  b o i l i n g  c o n s t i t u e n t s  from t h e  
produc t  pool. Th i s  mode requ i res  t h a t  a l l  such m a t e r i a l s  l e a v i n g  the  r e a c t o r  be 
recyc led  t o  t h e  reac to r  system. A p o r t i o n  o f  these h i g h  b o i l i n g  o i l s  a re  mixed 
w i t h  product s o l i d s  (unreac ted  coal and ash),  i n  the  f i l t e r  cake f o r  these 
opera t i ons ,  and f o r  i n c l u s i o n  i n  the  so l ven t  recyc le  pool  these o i l s  must be 
separated from the  so l i ds .  For  these exper iments the  f i l t e r  cake was washed w i t h  
l o w - b o i l i n g  aromat ic  so lvent ,  and the  ex t rac ted  o i l s  were re tu rned  t o  t h e  so l ven t  
pool  a f t e r  d i s t i l l i n g  o f f  t he  so lvent .  Since t h i s  s o l v e n t  washing opera t i on  had 
some hand l ing  and process ing  i n e f f i c i e n c i e s ,  some o f  t h e  s o l v e n t  range m a t e r i a l  was 
n o t  a v a i l a b l e  f o r  recyc le  and was r e j e c t e d  as a n e t  p roduc t  o f  t h e  opera t ion .  The 
bottoms e x t i n c t i o n  o b j e c t i v e  i s  l i m i t e d  on ly  by the  eng ineer ing  problems o f  t h e  
recovery  f o r  r e c y c l e  o f  so l ven t  range m a t e r i a l .  

To reduce the  sca le  and cos t  of the  s o l v e n t / s o l i d s  separa t i on  opera t i ons  i t  i s  
d e s i r a b l e  t o  process feed o f  r e l a t i v e l y  low ash content.  To t h i s  end f o r  t h e  
demonst ra t ion  opera t ion ,  the a v a i l a b l e  mine-washed coal was f u r t h e r  cleaned by 
heavy-media washing which reduced the  ash conten t  by approx imate ly  h a l f .  Table 1 
g i ves ,  f o r  I l l i n o i s  coa l ,  t he  analyses f o r  t h e  as- rece ived mine-washed coal and 
t h e  heavy-media washed coal  used i n  the  demonst ra t ion  run. Table 2 g i ves  these 
analyses f o r  t h e  Ohio coa l .  The CTSL r e s u l t s  w i th  heavy media washed coa l  a r e  n o t  
app rec iab l y  d i f f e r e n t  f rom those us ing  mine-washed coa l ,  as shown i n  Tab le  3 which 
compares the  CTSL r e s u l t s  f o r  t he  two types o f  feed i n  process development 
ope ra t i ons  us ing  the  same opera t ing  cond i t ions .  The p r i n c i p a l  d i f f e r e n c e  i n  t h e  
r e s u l t s  i s  3% h i g h e r  coa l  convers ion  w i t h  the  heavy-media washed feed, w i t h  t h e  
inc reased convers ion  appear ing as l i g h t  and midd le  d i s t i l  l a t e  product.  Th i s  h i g h e r  
coa l  convers ion  i s  asc r ibed  t o  the  removal, a long w i t h  the  ash, o f  a p o r t i o n  o f  t h e  
most d i f f i c u l t  t o  convert  p o r t i o n  of t he  coa l .  The bottoms e x t i n c t i o n  mode i s  as 
f e a s i b l e  for  t he  mine-washed feed as f o r  t he  heavy-media-washed feed. The 
s e l e c t i o n  between these a l t e r n a t i v e s  i s  an economic-engineer ing judgment i n v o l v i n g  
t h e  cos ts  of p roduc t  s o l i d s  separa t i on  and the  f e a s i b i l i t y  o f  a l t e r n a t i v e  uses f o r  
t h e  h i g h  ash r e j e c t  f rom the  heavy-media washing opera t ion .  

The vacuum gas o i l  e x t i n c t i o n  mode of ope ra t i on  cons is ted  p r i n c i p a l l y  o f  u n f i l t e r e d  
a tmospher ic  s t i l l  bottoms along w i t h  s u f f i c i e n t  vacuum gas o i l ,  ob ta ined by  vacuum 
d i s t i l l a t i o n  o f  t h e  ba lance of t he  atmospher ic s t i l l  bot toms, t o  achieve e x t i n c t i o n  
of  t he  vacuum gas o i l  components. Here, too,  t h e  atmospher ic s t i l l  was operated 
w i t h  s t r i p p i n g  gas t o  g i ve  a Solvent pool I B P  such t h a t  t he  vacuum gas o i l  
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component would be e l im ina ted .  Because o f  t he  r e d u c t i o n  o f  the  p ropor t i on  Of 
r e s i d u a l  o i l  i n  t h e  recyc led  s o l v e n t  pool  t h e r e  would be a net p roduc t ion  Of 
r e s i d u a l  o i l  from t h e  opera t ion ,  which would be withdrawn from the  process as a 
vacuum bottoms s l u r r y  i n  combina t ion  w i t h  t h e  unreacted coal  and ash. 

W i t h  the  normal c a t a l y s t  a c t i v i t y  dec l i ne ,  ope ra t i ng  c o n d i t i o n s  were ad jus ted  so as 
t o  ma in ta in  the  bottoms o r  gas o i l  e x t i n c t i o n  ob jec t i ves .  To t h i s  end, t h e  
temperatures o f  t he  two stages were inc reased p r o g r e s s i v e l y  du r ing  the  runs. 
F i g u r e  2 summarizes the  r e a c t o r  tempera ture  changes du r ing  the  bottoms e x t i n c t i o n  
demonst ra t ion  run  us ing  I l l i n o i s  No. 6 coa l .  Here, between t h e  seventh day and 
t h e  t w e n t y - f i f t h  day o f  t he  run, d u r i n g  which the  bottoms e x t i n c t i o n  o b j e c t i v e s  of  
t h e  run were a t t a i n e d  (see below),  t he  f i r s t - s t a g e  temperature was increased by 
15°F and t h e  second-stage tempera ture  was increased by 20°F. Nominal l y ,  i n  a p l a n t  
sca le  ope ra t i on  w i t h  d a i l y  replacement o f  c a t a l y s t ,  any l e v e l  o f  performance 
ob ta ined  d u r i n g  the  run cou ld  be main ta ined us ing  t h e  temperatures h o l d i n g  a t  t h a t  
s tage  o f  t he  run and an a p p r o p r i a t e  r a t e  o f  c a t a l y s t  replacement t h a t  would 
m a i n t a i n  the  c a t a l y s t  a c t i v i t y  h o l d i n g  f o r  t he  p a r t i c u l a r  stage of t he  opera t i on .  
A lso ,  d u r i n g  the  run  t h e r e  was a p rog ress i ve  adjustment i n  the  cu t  p o i n t  between 
t h e  atmospher ic overhead withdrawn as product and the  so l ven t  recyc le  component 
b e i n g  e x t i n c t e d ,  as summarized i n  F i g u r e  3. Th is  c u t  p o i n t  was inc reased by  about 
80°F over  t h e  i n t e r v a l  o f  t he  run du r ing  which the  e x t i n c t i o n  o b j e c t i v e  was 
main ta ined.  Nominal ly,  such an ad jus tment  of  t he  c u t  p o i n t  i s  no t  necessary t o  
m a i n t a i n  t h e  e x t i n c t i o n  o b j e c t i v e ,  b u t  w i thou t  t h i s  ad jus tment  i n  c u t  p o i n t  g r e a t e r  
changes i n  r e a c t o r  temperatures would have been necessary i n  m a i n t a i n i n g  t h e  
e x t i n c t i o n  o b j e c t i v e  a t  a cons tan t  d i s t i l l a t e  p roduc t  end po in t .  

A comparison of the  process op t i ons  i n v e s t i g a t e d  h i g h l i g h t i n g  the  cu t  p o i n t  d i f -  
fe rences  i s  p resented  i n  Tab le  4. 

OPERATING RESULTS WITH ILLINOIS COAL 

The opera t i ng  r e s u l t s  f o r  t he  demonst ra t ion  opera t i on  i n  t h e  bottoms e x t i n c t i o n  
mode w i t h  I l l i n o i s  coal  a re  summarized i n  Tab le  5. The r e s u l t s  a r e  the  average 
va lues  f o r  t h e  seventh th rough t w e n t y - f i f t h  days o f  t he  run du r ing  which bottoms 
e x t i n c t i o n  o b j e c t i v e s  were main ta ined.  Recycle so l ven t  i n v e n t o r y  c o r r e c t i o n s  based 
on ac tua l  ana lys i s  were inc luded.  F igures  4 th rough 8 summarize day-by-day some 
d e t a i l s  o f  the product d i s t r i b u t i o n  du r ing  the  run ,  i l l u s t r a t i n g  the  degree t o  
wh ich  minimum bottoms y i e l d s  were maintained. Over t h i s  i n t e r v a l  o f  t he  r u n ,  
d u r i n g  which the  endpo in t  o f  t he  a tmospher ic  overhead product averaged 75OoF, t h e  
y i e l d  o f  C4-Z50°F d i s t i l l a t e  p roduc t  averaged 77.2 W % of M.A.F. coa l  
( co r respond ing  t o  5 b a r r e l s / t o n  o f  M.A.F. coa l ) ,  w i t h  1.0 W % y i e l d  o f  heav ie r  
d i s t i l l a t e s  b o i l i n g  t o  975'F, and 2.7 W % y i e l d  o f  res idua l  o i l .  Table 5 a l s o  
summarizes t h e  r e s u l t s  of a comparable convent iona l  CTSL opera t i on  w i t h  the  heavy- 
media washed coa i n  which t h e  650-750°F b o i l i n g  range m a t e r i a l  was i nc luded  i n  t h e  
s o l v e n t  r e ~ y c l e . 1 ~ 1 ~ )  The change i n  the  compos i t ion  o f  t he  so l ven t  recyc le  lowered 
t h e  y i e l d  of 750°F' o i l s  p l u s  residuum from 19.6 W % o f  M.A.F. coal  t o  3.6 W %. 
Some o f  t h i s  change i s  due t o  t he  h i g h e r  r e a c t o r  temperatures used i n  the  
e x t i n c t i o n  mode opera t ion ,  bu t  o t h e r  exper imental  work has shown t h a t  l e s s  than  
one-ha l f  of t he  d i f f e rence  i s  assoc ia ted  w i t h  t h e  change i n  temperatures.  
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F i g u r e  4 shows t h a t  t h e  y i e l d  of C4-End Po in t (abou t  750°F) p roduc t  sca t te red  around 
t h e  average value du r ing  the  seventh th rough t w e n t y - f i f t h  days o f  t h e  run. F igu re  
5 d i s p l a y s  a s i m i l a r  p a t t e r n  f o r  t h e  975OF' res idua l  o i l  y i e l d ,  and F i g u r e  6 f o r  
t h e  y i e l d  o f  heavy d i s t i l l a t e  t o  975°F r e t a i n e d  i n  the  so l ven t  recyc le  pool .  
F i g u r e  7 shows an inc rease i n  coal convers ion  o f  about 1.5 W % over  t h i s  i n t e r v a l  
o f  t h e  run. F igu re  8 shows an inc rease i n  C1-C3 hydrocarbon gas y i e l d  o f  about 
2.5 W %. 

, 

OPERATING RESULTS WITH OHIO COAL 

I 

The opera t i ng  r e s u l t s  f o r  t he  demonst ra t ion  opera t i ons  w i th  Ohio No. 5 / 6  b i tuminous  
coa l  i n  the  bottoms e x t i n c t i o n  mode and i n  t h e  gas o i l  e x t i n c t i o n  mode a re  
summarized i n  Table 6 .  These two types  o f  ope ra t i on  were demonstrated i n  a s i n g l e  
run ,  i n  which the  bottoms e x t i n c t i o n  mode was used f o r  t h e  f i r s t  t e n  days, and t h e  
vacuum gas o i l  e x t i n c t i o n  mode f o r  t h e  balance o f  t he  opera t i ons  up t o  twenty-two 
days. The stage temperatures were p r o g r e s s i v e l y  inc reased d u r i n g  these opera t ions ,  
s i m i l a r l y  t o  the  p a t t e r n  used f o r  t h e  I l l i n o i s  coal  opera t ions ,  w i t h  t h e  r e a c t o r  
temperatures being inc reased by about 20°F over  t h e  i n t e r v a l  o f  t h e  run  du r ing  
which t h e  e x t i n c t i o n  o b j e c t i v e s  were a t ta ined .  

The bottoms e x t i n c t i o n  opera t i on  w i t h  Ohio coa l  ma in ta ined a 975°F' r e s i d u a l  o i l  
y i e l d  o f  1.8 W % o f  M.A.F. coa l .  However, t he  y i e l d  o f  750-975°F gas o i l  was 
somewhat h ighe r ,  averag ing  8.5 W %. Since t h e r e  was v i r t u a l l y  complete e l i m i n a t i o n  
o f  t he  750-975°F f r a c t i o n  i n  t h e  subsequent vacuum gas o i l  e x t i n c t i o n  opera t i on ,  
t h e r e  i s  p robab ly  no b a r r i e r  t o  equ iva len t  e x t i n c t i o n  i n  t h e  bottoms e x t i n c t i o n  
mode. The s h o r t f a l l  i n  performance i n  t h i s  s p e c i f i c  ope ra t i on  was p robab ly  due t o  
t o o  low a c u t  p o i n t  between t h e  atmospher ic s t i l l  overhead product and so l ven t  
r e c y c l e  pool ,  a t  700°F. It i s  p robab le  t h a t  w i f r t h i s  c u t  p o i n t  ra i sed  by 25-5OoF, 
t h e r e  would have been e s s e n t i a l l y  complete e x t i n c t i o n  o f  t he  750°F' m a t e r i a l s ,  w i t h  
a t o t a l  y i e l d  o f  C4-75OoF d i s t i l l a t e  p roduc t  o f  about 77 W % o f  M.A.F. coa l .  Th i s  
i s  s i m i l a r  t o  the  y i e l d  i n  t h i s  mode o f  ope ra t i on  w i t h  I l l i n o i s  coal .  Beyond t h i s  
c o n s i d e r a t i o n  o f  t he  heavy gas o i l  e x t i n c t i o n ,  t he  g r e a t e s t  d i f f e r e n c e  from the  
I l l i n o i s  coal  r e s u l t s  i s  about 2 W % h i g h e r  y i e l d  o f  unconverted coal  f o r  t h e  Ohio 
coa l .  

The vacuum gas o i l  e x t i n c t i o n  opera t i on  w i t h  Ohio coal  gave a y i e l d  o f  750-975'F 
gas o i l  of 0.2 W % of  M.A.F. coa l .  Fo r  t h i s  opera t ion ,  t h e  y i e l d  o f  
975°F' r e s i d u a l  o i l  was 14.1 W %, which would be t a k e n  o f f  as a vacuum bottoms 
s l u r r y  a long w i t h  the  unreacted coal  and ash. Such a s l u r r y  would have a com- 
p o s i t i o n  of 61% r e s i d u a l  o i l ,  21% unconverted coa l ,  and 18% ash, and cou ld  be 
pumped f o r  i n t e r n a l  use as f u e l  or as raw m a t e r i a l  f o r  hydrogen manufacture.  The 
y i e l d  o f  Cq-75O"F d i s t i l l a t e  was 65.1 W % of  M.A.F. coa l  f o r  t h i s  opera t ion .  
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RESULTS AND CONCLUSIONS 

0 Heavy o i l  e x t i n c t i o n  recyc le  has been demonstrated f o r  vacuum gas o i l  and 
vacuum gas p l u s  r e s i d u a l  o i l  f o r  b i tuminous  coa ls .  

0 Up t o  f i v e  b a r r e l s  o f  d i s t i l l a t e  l i q u i d  p roduc t  per  t o n  o f  m i s t u r e  ash f r e e  
coal feed was produced. These y i e l d s  a re  the  h i g h e s t  demonstrated con t inuous ly  
f o r  a d i r e c t  l i q u e f a c t i o n  process. 

0 Increased l i q u i d  y i e l d s  and reduced process separa t i on  cos ts  were achieved 
th rough deep c l e a n i n g  o f  b i tuminous  feed coals.  

The d i s t i l l a t e  y i e l d s  from Ohio coal  a re  equ iva len t  t o  those from I l l i n o i s  coa l  
a t  s i m i l a r  e x t i n c t i o n  recyc le  ope ra t i ng  cond i t i ons .  

0 
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TABLE 1 

ILLINOIS COAL FEED ANALYSIS 

SOURCE: ILLINOIS No. 6, BURNING STAR No. 2 MINE 

ULTIMATE, W % DRY 
Carbon 
Hydrogen 
N i t r o g e n  
S u l f u r  
Ash 
Oxygen ( D i f f e r e n c e )  

PETROGRAPHIC, V % 
T o t a l  Reac t i ves  
T o t a l  I n e r t s  
F u s i n i t e  

MINE-WASHED 

51.5 
38.2 
10.3 

70.4 
4.5 
1.4 
3.6 

10.6 
9.5 

88.2 
11.8 

1.9 

HEAVY MEDIA 
CLEANED 

54.1 
40.4 

5.5 

73.9 
4.9 
1.5 

5.8 
12.1 

2.8 

91.5 
8.5 
0.3 

TABLE 2 

OHIO COAL FEED ANALYSIS 

SOURCE: OHIO No. 5/6, CRAVAT COAL COMPANY 

PROXIMATE, W % DRY 
F i x e d  Carbon 
V o l a t i l e  M a t t e r  
Ash 

ULTIMATE, W % DRY 
Carbon 
Hydrogen 
N i t r o g e n  
S u l f u r  
Ash 
Oxygen ( D i f f e r e n c e )  

PETROGRAPHIC, V % 
T o t a l  Reac t i ves  
T o t a l  I n e r t s  
F u s i n i t e  

MINE-WASHED 

56.1 
43.9 

8.5 

73.1 
4.8 .. . 

1.5 
2.9 
8.5 
9.2 

88.0 
10.8 
1.1 

HEAVY MEDIA 
CLEANED 

50.6 
43.4 

4.0 

77.5 
5.0 
1.6 
2.1 
4.0 
9.8 

90.4 
7.8 
1.8 
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TABLE 3 

OPERATING RESULTS BENCH UNIT CTSL OPERATIONS WITH 
MINE-UASHED AND HEAVY HEOIA MASHED I L L I M I S  COAL 

COAL PREPARATION 
ASH I N  COAL FEED, W % 
RUN 
DAYS ON STREAM, Average 

Reactor Temperatures, "F 
F i r s t  Stage, Average 
Second Stage, Average 

WASHED 
M i  ne Heavy-Media 
10.55 5.33 

18 19 
8 9 

750 750 
810 810 

End P o i n t  o f  Atmospheric Overhead Product,  O F  670 664 

PRODUCT DISTRIBUTION, W % OF M.A.F. COAL 
C1-C i n  Gases 
Cq-3$OoF Naphtha 
390-650°F D i s t i l l a t e s  
650-375°F D i s t i l l a t e s  
975'Ft Residual  O i l  
Unconverted Coal 
Water  

To ta l  C4-975"F 
D i s t i l l a t e  Y i e l d  Bbls/Ton 

5.9 6.2 
17.2 19.0 
32.9 35.7 
19.2 18.5 
8.3 8.3 
7.0 4.0 

11.7 11.7 
5.0 4.3 

107.2 107.7 

69.2 73.2 
4.2 4.7 

TABLE 4 

COMPARISON OF PROCESS OPTIONS EVALUATED 

Produc t  
Vacuum Residual  Clean So l i ds  W % D i s t i l l a t e  
Gas-Oil O i l  Coal R e j e c t i o n  D i s t i l l a t e  End Po in t  

I l l i n o i s  No. 6 Coal Runs -- - 
I-10/11  - Demonstrat ion Yes Yes No VSB 60 975OF 
1-13 - Process Var iab le  No NO No DS 
1-27 - Demonst ra t ion  No No Yes DS 77 75OOF 

Ohio No. 5/6 Coal Runs 
0-1 - Demonst ra t ion  

VSB = Vacuum S t i l l  Bottoms 

- 

No No Yes os 70 700°F 
No Yes Yes VSB 65 700°F 

DS = Dry So l i ds  
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TABLE 5 
EXPERIMENTAL RESULTS OF CONVENTIONAL AND EXTINCTION 

MODES OF CTSL BENCH UNIT OPERATIONS YITH ILLINOIS COAL 

MODE 
RUN 
DAYS ON STREAM, Average 

Reactor  Temperatures, OF 
F i r s t  Stage, Average 
Second Stage, Average 

End P o i n t  o f  Atmospheric 

CONVENTIONAL 
19 
14 

750 
810 

Overhead Product,  "F 656 

EXTINCTION 
77 _ .  
16 

761 
81 7 

749 

PRODUCT DISTRIBUTION, W % OF M.A.F. COAL 
C 1 -C  Hydrocarbons 
C4-3h"F Naphtha 
390-650°F D i s t i l l a t e s  
650-750°F D i s t i l l a t e s  
C 750°F D i s t i l l a t e s  
740- 975°F D i s t i l  l a t e s  
975'F' Residual  O i l  
Unconverted Coal 
Water 
H2S, NH3, Cox 

To ta l  (100 + He Reacted) 

6.8 

32.4 
9.1 

60.4 
11.0 
9.5 
3.8 

11.2 
4.6 

107.3 

18.9 
8.3 

20.3 
37.5 
19.5 
77.3 

1.0 
2.7 
3.3 

10.8 
4.2 

107.6 

EXPERIENTAL RESULTS OF B O T T W  AND VACUUM GAS O I L  
EXTINCTION CTSL BENCH UNIT OPERATIONS WITH OHIO COAL 

MODE 
RUN 
DAYS ON STREAM, Average 

Reactor Temperatures, "F 
F i r s t  Stage, Average 
Second Stage, Average 

End Po in t  o f  Atmospheric Overhead Product,  OF 
End P o i n t  o f  Vacuum Gas O i l  Product,  OF 

PRODUCT DISTRIBUTION, W % OF M.A.F. COAL 
C1-C3 i n  Gases 
Cd-39D"F NaDhtha 
390-650'F D i s t i l l a t e s  
650-975'F D i s t i l l a t e s  
Cq-75O"F D i s t i l l a t e s  
750-975°F Gas O i l  
975°F' Residual  O i l  
Unconverted Coal 
Water 

D i s t i l l a t e  Y i e l d ,  Bbls/Ton 

Note:  C4975'F Y ie ld ,  79% equal t o  5 : l  Bbls/Ton 
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BOTTOMS 
EXTINCTION 

0-2 
7 

753 
806 

702 --- 

7.9 
19.1 

14.6 
70.5 

8.5 

5.2 
10.0 
3.5 

107.4 

4.3 

36.8 

1.8 

TABLE 6 

VACUUM GAS 
OIL EXTINCTION 

0-2 
18 

764 
819 

697 
975 

10.1 
18.8 
38.1 
8.1 

65.1 
0.3 

14.1 

9.0 
3.4 

106.7 

4.0 

4.8 

- 
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ATMOSPHERIC 
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